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Effect of the level of nitrogen supply on the growth resilience of Medicago sativa after rewatering

ZANG Junrui', ZHANG Yuting', ZHANG Yinghao', LIU Yangming', DENG Wenhui', LIU Shipeng’, SUN Luanzi'
(1. College of Grassland Agriculture, Northwest A & F University, Yangling 712100, Shaanxi, China;
2. School of Life Science, Yan’an University, Yan’an 716000, Shaanxi, China)
Abstract: Growth resilience is an important aspect of plant adaptability to drought. Nitrogen (N) application is a common
cultivation measure, but its impact on growth resilience after rewatering of alfalfa (Medicago sativa) is still unclear. In this
study, alfalfa grown under different N supplies (3 mmol-L ™" and 7 mm01~L_l) was rewatered after drought, which was
simulated by adding polyethylene glycol-6000 in the nutrient solution. The growth, nitrogen content, content of non-
structural carbohydrates, and activity of enzymes for sucrose conversion were monitored at the end of drought, and on days 7
and 24 after rewatering. On day 24 after rewatering, the dry matter of plants grown under high N condition increased by
11.0%, showing “compensatory growth”, whereas the plants grown under low N condition did not recover and their dry
biomass was 19.6% lower than that of the control group (without drought treatment). Because of the “drought memory”, the
plants grown under high N conditions significantly increased root-to-shoot ratio, root starch, root soluble sugar, and nitrogen

content, whereas the root-to-shoot ratio, root sugar, and nitrogen content in roots did not change in plants grown under low N
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condition at days 7 and 24 after rewatering. On day 7 after rewatering, the activity of sucrose phosphate synthase (SPS) in
leaves significantly decreased (P < 0.05) in plants, whereas the activity of sucrose synthase (SS) and acid convertase (Al)
significantly increased (P < 0.05). On day 24 after rewatering, plants grown under high N conditions consistently maintained
higher SS activity (P < 0.05). The results indicate that nitrogen application increased the SS activity of plants; increased the
accumulation of dry matter, starch, and soluble sugar in the root; and facilitated the growth resilience of alfalfa after

rewatering.

Keywords: drought resistance; resilience; N supply; root shoot ratio; soluble carbohydrate; starch; enzymes involved in

sucrose metabolism
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Table 1 Three-way ANOVA analysis of the parameters between water treatment, rewatering time, and N levels

FYEN b HF BFEMRER AKE b oy b A] WoRE dh b MO RS MERERE BRPERE
Factor TFHE FHE Total Root Water 2% HERE YRR R W e [ivgty 4
Shoot Root dry shoot content Shoot Shoot Root  Shoot Root Sucrose /i Acid
dry dry weight ratio nitrogen  soluble soluble  starch starch synthetase Sucrose invertase
weight weight content carbohydrate carbohydrate phosphate
synthase
SR E(R)
Rewatering time R ek ns ook * ok * k% ok o ek
TEULH (D)
Drought treatment ns ns % skokok skokok kokk ns ns kokok % KoKk ns skokk
€E7KE|Z(N) kokok * skokok skokok ns kokok kokok kokok skokok kk * ns kokk
Nitrogen level
RxD ns ns ns ns ns Hkok Hook sk sk kK Hkk ®kk *kk
R xN * ns ok EEE ns Rk Heoksk Heoksk sk dokok ns ns Kok
D x N ns *k * sk ns k% PP PP kk%  kkx ns % sk
RxDxN ns ns ns ns ns Hk w3k Hook ns w3k w3k wkok k%

*, P<0.05; **, P<0.01; ***, P<0.001; nsNLGIFER.

* refers to significant difference at the 0.05 level; ** refers to significant difference at the 0.01 level, *** refers to significant difference at the 0.001 level;

ns refers to no significance.
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Figure 1 Variation of dry weight and root shoot ratio in alfalfa with different nitrogen treatments
under drought and subsequent rewatering
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Figure 2 Variation of leaf water content and shoot nitrogen content in alfalfa with different nitrogen

treatments under drought and subsequent rewatering
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Figure 3 Variation of soluble carbohydrate and starch content of shoot and root in alfalfa with
different nitrogen treatments under drought and subsequent rewatering
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Figure 4 Variation of activity of leaf sucrose synthetase, sucrose phosphate synthase,
and root acid invertase in alfalfa with different nitrogen

treatments under drought and subsequent rewatering
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R E DT B & R, R =K AR
73 Be A4 R AL B 5 B3t — P IIE .
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33 MARMNETEBEEKEHEENFMN

T 50, WAEKE T SSIE KA &
FHEAA . HIK T, 24 d, ASEKE TR SS I =
TP HE A, U0 RS KR S 5 RS 3
B & H BT AFE, 1SS B &M E K IE S 5B
AR FEER . HE, K7 A, 5K AL B A
b, AR SS W T m R R /N . X AT AR A
NEEFEIN A S o 2 B — R VIBEIL[F e 19, A
(R b B R R 43 TE B 22 S R e B — T e Y,
2K 24 d I, ARE AL R SS I M5 H o R4 B
F25, B ALFE A SS WK IH v T o B A,
Ui SS 2w A AL B K J5 RERE A I T R .

FREET, AEKFE T HED M F 1 SPS i
PESS R E TR, U R T SPS &S 5 A AT
TR, Xu D R EN, FREZETE T K
& (Oryza sativa) M SPS i&PE . (HZE K 7d, KA
AbER () SPS & M B = T H XA, Bk 24d,

ANEUKE ALY () SPS i 4 88 3 A T v i 4
B SPS A2 v ML H K B LA TR A I
g, X 5 Guo %" R — 5.

FET, BAEKE TR AR ALE S A
TR M, 5K 5 IR 2 ATE M T 5225 5, 160 AT
M 2 52 7K 5 VT RE R O AR I S B . (ER, T
() 355 Pkt £ B 3 I 1) T R AR AR ALY, 7 K R
th, AL B AT P A R G A TR A b
B, U R AR G I R AL E AR A AR R A
KB HBAK SR,

4 it

it A R TR E T KERE Y.
Ky PV VERE DL B R AR B, DT B 5 SR AR AE
HKERAEKKERE . £ AL SPS F1 SS B+, i
BB EE AR A SS Mg I, (R R KR ETE
AR EPITER R F A R .
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